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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the operating speed of an optical 
waveguide device having a substrate, an optical waveguide formed on the 
one main surface side of the substrate and electrode parts. 
SOLUTION: This optical waveguide device 8 has the substrate 1 having a 
pair of the main surfaces 1 a, 1 b facing each other, the optical waveguide 2 
formed on the one main surface 1 a side of the substrate 1 and the 
electrode parts 3, 4. The substrate 1 is provided with a thin part 1 2 of a 
relatively thin thickness part in at least the positions of the electrode 
parts 3, 4. More preferably, the thickness of the thin part 12 is >5 to <50p, 
m and the thickness of the thin part 12 1 exclusive of the thin part 12 is > 
150|xm. The thin part 12 is formable by subjecting the thin part 12 to 
abrasion working or grinding from the one main surface 1 b side. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The optical-waveguide device to which it is an optical-waveguide device equipped with a substrate equipped 
with the principal plane of the couple which carries out phase opposite, the optical waveguide currently formed in one 
principal plane side of this substrate, and electrode section, and thickness is characterized by preparing a part for a 
small thin- walled part relatively in the position of the aforementioned electrode section at the aforementioned substrate 
at least. 

[Claim 2] The optical-waveguide device according to claim 1 characterized by forming the aforementioned substrate 
and the aforementioned optical waveguide with the single crystal more than a kind chosen from the group which 
consists of a lithium niobate single crystal, a lithium-tantalate single crystal, and a lithium-niobate-lithium-tantalate 
solid-solution single crystal. 

[Claim 3] The optical-waveguide device according to claim 1 or 2 characterized by the thickness of the aforementioned 
closing-in portion being 5 micrometers or more and 50 micrometers or less. 

[Claim 4] The optical-waveguide device according to claim 3 characterized by the thickness of the aforementioned 
substrates other than the aforementioned closing-in portion being 150 micrometers or more and 1000 micrometers or 
less. 

[Claim 5] The optical-waveguide device of any one publication of the claim 1-4 characterized by the direction of the 
aforementioned substrate being X cut or Y cut direction. 

[Claim 6] The manufacture method of the optical- waveguide device characterized by forming the aforementioned 
closing-in portion by giving processing to any one claim of the claims 1-5 from the principal plane side of another side 
of the aforementioned substrate on the occasion of manufacturing the optical-waveguide device of a publication. 
[Claim 7] The manufacture method of the optical- waveguide device according to claim 6 characterized by forming the 
aforementioned closing-in portion by the ablation processing method. 

[Claim 8] The manufacture method of the optical-waveguide device according to claim 6 characterized by forming the 
aforementioned closing-in portion with machining. 

[Claim 9] The progressive wave form optical modulator which is the electrode of the couple for impressing the voltage 
for the aforementioned electrode section modulating the light which spreads the inside of the aforementioned optical 
waveguide, and is characterized by having the power supply which supplies power to the aforementioned electrode 
section by being the progressive wave form optical modulator which equips any one claim of the claims 1-5 with the 
optical- waveguide device of a publication, and the aforementioned substrate consisting of an electro-optics single 
crystal of a ferroelectricity. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to an optical-waveguide device and its manufacture methods, such as a 

progressive wave form optical modulator. 

[0002] 

[Description of the Prior Art] In an optical-communication field, fast increase of channel capacity is predicted and, for 
this reason, the capacity of an optical-transmission system needs to be increased. In the present condition, although 
transmission speed of 1 .6GB/second is being put in practical use, as compared with the frequency band (about 200 
THz(es)) which can transmit an optical fiber, it is put in practical use at most about 1/100,000. It being important for 
increasing transmission capacity by leaps and bounds is developing light modulation technology. 
[0003] The progressive wave form optical modulator which applied a lithium niobate (LiNb03), a lithium tantalate 
(LiTa03), and gallium arsenide (GaAs) to the optical waveguide is equipped with the outstanding property, and may 
be able to attain high bandwidth-ization in high efficiency. A lithium niobate and a lithium tantalate are the material 
which was very excellent as a ferroelectric, and an electro optic constant is large and has the advantage that control of 
light is possible, by the short optical path. As a factor which restricts the modulation rate of a progressive wave form 
optical modulator, speed mismatching, distribution, electrode dissipation, etc. are mentioned. Among these, about 
speed mismatching and distribution, since it is mainly determined by the structure of a progressive wave form optical 
modulator, the analysis and a design of structure are important. On the other hand, about electrode dissipation, the 
conductivity and the skin effect of material are important. 

[0004] Speed mismatching is explained further. In the progressive wave form electrode, the speed of the light which 
advances the inside of an optical waveguide, and the electrical signal (microwave) which spreads the inside of an 
electrode differs greatly. It is the speed of the light which spreads under a crystal V0 It carries out and speed of 
microwave is set to Vm. For example, LiNb03 which has a planar type electrode In the case of an optical modulator, it 
is as follows. First, LiNb03 The refractive index of a single crystal is 2.14 and the speed of the light which advances 
the inside of an optical waveguide is in inverse proportion to this, on the other hand - the effective refractive index of 
microwave - a conductor - it is given by the square root of a nearby dielectric constant LiNb03 The dielectric 
constant of a single crystal is optically uniaxial, Z shaft orientations are 28 and X shaft orientations, and Y shaft 
orientations are 43. Therefore, even if it takes into consideration the influence of the air whose dielectric constant is 1, 
it is LiNb03 of the conventional structure. The effective refractive index of the microwave in an optical modulator will 
be set to about 4, and will be about 1 .9 times 2.14. Therefore, the speed of a light wave is about 1 .9 times as large as 
the speed of microwave. 

[0005] The upper limit of the light modulation bandwidth fin or a modulation rate is proportional to the inverse number 
of the speed difference of a light wave and microwave. That is, fin=l/(V0-Vm) is materialized. Therefore, if electrode 
dissipation are assumed to be 0, bandwidth fmx electrode length 1=9.2 GHz-cm will serve as a limitation. In the optical 
modulator of 1= 2.5mm of electrode length, the value of fm=40GHz is actually reported. The influence by the 
limitation of this working speed becomes remarkable, so that an electrode is long. Therefore, it is a wide band and 
realization of the optical modulator which has a high performance characteristic is desired strongly. 
[0006] In optical-waveguide devices, such as a recently and optical-waveguide type high-speed modulator and a high- 
speed switch By making the configuration of the electrode of the upper part of a substrate into a special configuration, 
or forming a glass deposit forming into a high wide band phase matching frequency between the light which advances 
the interior of an optical waveguide, and the modulation voltage impressed from the outside to dozens of GHz is 
proposed (the number for "O plus E" May, 1995 - 91st page - 97 pages and "EO device using LN") 
[0007] since the speed of microwave is decided by the average of the dielectric constant of the field along which the 
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line of electric force which connects a narrow signal electrode and a ground electrode passes according to this 
reference - the thickness of an electrode ~ large - carrying out Si02 from — it is supposed by enlarging thin 
thickness of a buffer layer that a modulation rate will improve Moreover, a progressive wave electrode is a 
transmission path and needs to bring the characteristic impedance close to 50 ohms. Pushing out and forming various 
electrodes and buffer layers of a gestalt, such as a form, an eaves form, a ditch excavation form, and a shielded type, as 
a design with which are satisfied of these conditions, is proposed. 
[0008] 

[Prqblem(s) to be Solved by the Invention] However, in the progressive wave form optical modulator of such structure, 
since it is necessary to form the electrode of a buffer layer and a complicated configuration in the upper part of a 
substrate, these manufacture processes are complicated, there are many processes, and cost is high. And it is necessary 
to hold the precision of high alignment between the portion of an optical waveguide, and the complicated buffer layer 
of a configuration and a complicated electrode. Furthermore, by generation of the damaged layer by the processing 
damage, properties, such as an optical refractive index, tend to change, it sees from the result of the simulation of an 
optical-waveguide device, a property deteriorates, and an optical-absorption property and an extinction-ratio property 
become inadequate. 

[0009] And though the trouble on such difficult manufacture was solvable, the high-speed modulation of 10 or more 
GHz-cm was still difficult. 

[0010] The technical problem of this invention is raising the working speed in an optical- waveguide device equipped 
with a substrate equipped with the principal plane of the couple which carries out phase opposite, the optical 
waveguide currently formed in one principal plane side of this substrate, and electrode section. 

[001 1] Furthermore, the technical problem of this invention is enabling it to manufacture such a progressive wave form 
optical modulator with the few number of processes with enabling a high-speed modulation, making highly precise 
alignment unnecessary, and also preventing generation of the damaged layer by the processing damage in a progressive 
wave form optical modulator. 
[0012] 

[Means for Solving the Problem] this invention is an optical-waveguide device equipped with a substrate equipped 
with the principal plane of the couple which carries out phase opposite, the optical waveguide currently formed in one 
principal plane side of this substrate, and electrode section, and relates to a substrate in the position of electrode section 
at the optical-waveguide device to which thickness is characterized by preparing a part for a small thin-walled part 
relatively at least. 

[0013] Although this invention person had continued research to offer a progressive wave form optical modulator 
which solves the aforementioned technical problem and operates conventionally at high speed, he is this process and 
hit on an idea of thickness preparing a part for a small thin-walled part in a ferroelectricity substrate relatively in the 
position of electrode section at least by giving processing from the rear-face side of a ferroelectricity substrate. And 
when various kinds of simulations were carried out using this progressive wave form optical modulator and the 
browning tone experiment was conducted, it found out that the modulation in high speed was [ of 15 or more GHz- 
cm ] very possible, and this invention was reached. 

[0014] And by forming a slot or a crevice in the rear- face side of such a ferroelectricity substrate, it discovered that it 
was high-speed, and was highly precise, and could form by the machining method or the ablation processing method so 
that it might be possible to form a closing-in portion and a slot or a crevice might be later mentioned in this case. 
Consequently, it checked that the progressive wave form optical modulator of this invention could be manufactured 
with high productivity. 

[0015] Under the present circumstances, when making a modulation rate still higher, as for the thickness of a closing- 
in portion, it is desirable that it is 50 micrometers or less, and it is much more desirable that it is 20 micrometers or 
less. Moreover, in order to hold intensity fixed about electrode section, it is desirable to set thickness of a closing-in 
portion to 5 micrometers or more. 

[0016] Moreover, if predetermined intensity is required and a substrate is too thin in case a substrate is dealt with, it 
will become easy to generate a defective by breakage or the crack. According to this point and this invention, a 
closing-in portion can be prepared only in the predetermined part which influences the working speed of electrode 
section, and let other portions be the thickness which can give sufficient intensity. For this reason, as for the thickness 
of portions other than the closing-in portion of a substrate, it is desirable to be referred to as 150 micrometers or more. 
Moreover, 1000 micrometers or less are desirable. 

[0017] Hereafter, the relation between the thickness of a closing-in portion and the greatest 3dB bandwidth is shown in 
Table 1 . As shown in Table 1, when 3dB bandwidth is about 10 GHz-cm when the thickness of a closing-in portion is 
100 micrometers or more and it is 50 micrometers, it is about 15 GHz-cm, when it is about 30 GHz-cm and is 5 
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micrometers in 10 micrometers, it is about 100 GHz-cm, and the modulation rate is improving sharply. In addition, 

when the thickness of a closing-in portion was 3 micrometers, the crack occurred. 
[0018] 

[Table 11 
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[0019] The reason such an operation effect was acquired is considered as follows. By forming a crevice or a slot in the 
rear-face side of a substrate, and making electrode section closing in, remarkable leak of the electric field generated by 
the modulated wave (microwave) which passes electrode section is carried out at the air by the side of the rear face of a 
substrate (inside of a slot or a crevice). Consequently, the phase velocity of a modulated wave rises and the phase 
matching in the difficult field becomes possible conventionally. 

[0020] In a progressive wave form optical modulator, it is desirable to form a substrate and an optical waveguide with 
the single crystal more than a kind chosen from the group which consists of a lithium niobate single crystal, a lithium- 
tantalate single crystal, and a lithium-niobate-lithium-tantalate solid-solution single crystal. Moreover, which direction 
of Z, X, and Y is sufficient as the direction of a substrate, and the means of the optical waveguide by titanium diffusion 
and the electrode formation to up to it can be conventionally used for it as it is. 

[0021] Furthermore, when the electric-field correction factor by the substrate direction was calculated, it found out that 
a big difference was accepted by crystal orientation. That is, as shown in Table 2, when using the substrate of X cut or 
Y cut direction, there is the advantage in which-izing of the half- wave length voltage, i.e., driver voltage, of this device 
can be carried out [ low battery ], by making thickness thin. On the other hand, if the substrate of Z cut direction is 
used, in connection with thickness becoming thin, a bird clapper will serve as [ half- wave length voltage ] demerit 
large. Generally in the Z cut direction, the advantage at the time of troubles, like there is the need of forming the buffer 
layer of the silicon oxide for the cure against DC drift being also in a substrate, and using the substrate of X cut or Y 
cut direction is large. 
[0022] 
[Table 2] 
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[0023] Although various laser can be used for said ablation processing, especially an excimer laser is desirable. 
Ablation processing is the processing method of making the portion equivalent to which light was decomposing and 
evaporating in an instant, and acquiring the target configuration, by irradiating the light of a high energy like excimer 
laser light at the quality of the material for processing. An excimer laser is the laser beam of the ultraviolet region 
whose wavelength is 150-300nm, and there is the feature that wavelength can be chosen according to the kind of gas to 
enclose. 

[0024] this invention person examined the ablation processing technology by the excimer laser, the assistant-among 
liquid etching processing method, etc. on the occasion of processing the rear-face side of a ferroelectricity substrate. 
Consequently, according to ablation processing which used the excimer laser, it discovered that a closing-in portion 
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could be formed for very high productivity. And the stability of a remarkable optical property and the stability of a 
configuration were acquired about the obtained closing-in portion and slot, or crevice. 

[0025] Here, by ablation processing, since it sets into the portion by which light was irradiated and the quality of the 
material of a substrate decomposes and evaporates in an instant, in a part for the periphery which light does not hit 
direfctly, there is almost no influence of heat, stress, etc., and the stability of an optical property is considered that a 
damaged layer did not generate at all along with the closing-in portion for this reason. 

[0026] It is necessary to use the light by the side of short wavelength rather than the absorption end of the quality of the 
material of a substrate as the light source for ablation processing. However, the light which has the wavelength of 
350nm or less is usually desirable. Since the light irradiated to the substrate by using the light which has the 
wavelength of 350nm or less is absorbed very much in a surface layer when processing the substrate which consists of 
an oxide single crystal especially, only a surface layer is decomposed and a processing damage is not given to the 
interior of a substrate. 

[0027] Since it changes with the position of the optical-absorption edge of a crystal used as the candidate for 
processing, the suitable wavelength field for such ablation processing cannot be specified uniformly. However, the 
oxide single crystal generally used for an optical-waveguide use has the optical-absorption edge to the field with a 
wavelength of 350nm or less. For this reason, when an argon laser with a wavelength of 512nm was used, for example, 
good ablation processing was impossible. As this reason, it is the shell to which light penetrates to the interior of an 
oxide single crystal, and ablation by absorption in a front face cannot happen easily rather than the absorption end of 
the quality of the material of a substrate since it is the light of long wavelength. 

[0028] As for the wavelength of the light for ablation processing, it is much more desirable to be referred to as 300nm 
or less. However, it is desirable to be referred to as 150nm or more from a practical viewpoint. Moreover, now as the 
actual light source, the fourth higher harmonic (266nm laser beam) of YAG, an excimer lamp, etc. are [ other than an 
excimer laser ] practical. 

[0029] As an optical irradiation equipment for ablation processing, the so-called equipment of a package exposure 
method and the equipment of a multiple reflection method are known. In the case of the multiple reflection method, 
when the hole density of a mask is small, it has the feature that the utilization factor of light is high. In this invention, it 
is much more desirable to use the ablation processing equipment by the multiple reflection system, and it can be 
processed in a short time about the CHIBBU pattern formed of this over the whole wafer which has the size of 1 inches 
or more. 

[0030] Here, an excimer laser is explained further. An excimer laser is the pulse repeat oscillation laser of ultraviolet 
rays, arranges directivity with an optical resonance machine, and takes out the ultraviolet radiation which the 
compound of the shape of a gas, such as ArF (wavelength of 193nm), KrF (wavelength of 248nm), and XeCl 
(wavelength of 308nm), oscillates. Since an excimer laser is a short wavelength laser of ultraviolet rays, combination 
of the atom and molecule which constitute the matter can be decomposed with the energy of a photon, and the 
application based on this chemical operation has been developed. 

[003 1] Ablation processing using the excimer laser is used for opening a hole for micro processing, such as a 
polyimide, and it is reported that formation of a hole with a good detailed configuration is possible. As reference about 
the applied technology of an excimer laser, the "O plus E" November, 1995 issue and a page [ 64- 108th ] special 
edition "the excimer laser which entered at the practical use term" can be mentioned. 

[0032] In this invention, the following three modes can be mentioned as a method of forming a ridge type optical 
waveguide with an excimer laser. 

(1) Spot scan processing. The spot-like flux of light is irradiated and the flux of light is advanced in the fixed direction 
so that the optical axis of laser may become perpendicular to the rear face (principal plane of another side) of a 
substrate. Consequently, a slot is formed in the portion which the flux of light passed. If it is such a method, a 
processing deposit is removable with etching processing after processing. Moreover, since the pattern of a slot is 
formed by the scan of the spot-like flux of light, the closing-in portion which has arbitrary superficial configurations 
can be formed. 

[0033] (2) Package imprint processing. The slot of a predetermined superficial pattern is formed without irradiating 
directly the flux of light which passed beforehand the mask which has a predetermined imprint pattern at the principal 
plane of a substrate, and moving the flux of light. If it is such a method, since the superficial imprint pattern of a mask 
will be collectively imprinted on a substrate, processing efficiency is high and the repeatability of the superficial 
configuration of a slot is very good. However, it is necessary to make high production precision of the mask for 
oscillating the laser beam of a large area and making a laser beam penetrate, and to also make precision of optical 
system high. 

[0034] (3) Slit scan processing. The mask which has the slit of a long and slender pattern is made to penetrate laser, 
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and the laser beam bunch which has the superficial configuration of a long and slender rectangle is acquired. The flux 
of light of the shape of this slit is irradiated and moved to the rear face of a substrate. According to this method, the 
configuration of the base of the slot formed of processing becomes smooth especially. However, by this method, it sees 
superficially and only the slot which is linear [-like ] can be formed. 

[0055] Although the front face by the side of the rear face of a closing-in portion (base of a slot) needed to be made flat 
when the ablation processing method which used the excimer laser was used, processing in the precision of 1 
micrometer or less was possible in fact. Moreover, although the thickness of a closing-in portion also needed to be 
controlled precisely, processing in the precision of 0.5 micrometers or less was possible to target thickness. It is 
desirable to perform ablation processing, measuring the thickness of a closing-in portion by the laser interferometer, in 
order to realize processing with such high degree of accuracy. 

[0036] Moreover, it was possible to have formed said closing-in portion also with highly precise machining. In this 
case, a cutting method is the most desirable. Moreover, as machining equipment, what raised the position precision of 
the Z direction of slicing equipment can be used preferably. Moreover, the body of revolution equipped with the 
cutting gear tooth is used preferably. 

[0037] Drawing 1 (a) is the perspective diagram showing the progressive wave form optical modulator 1 before 
processing, and drawing 1 (b) is the perspective diagram which looked at the modulator 1 from the rear- face lb side. 
The Mach TSUENDA type optical waveguide 2 is formed in the principal plane la side of a modulator, an optical 
waveguide 2 is prolonged between Id of sides of a couple - as ~ and side lc - receiving - abbreviation - it is formed 
so that it may be prolonged toward an parallel direction The optical waveguide 2 is equipped with the I/O portions 2a 
and 2f, the branch points 2b and 2e, and the branching portions 2c and 2d of a couple. The counterelectrode portions 3 
and 4 of a couple are formed and each electrode section is connected to the power supply which is not illustrated so 
that 2d of one branching portions may be pinched. 

[0038] Subsequently, as shown in drawing 2 (a), laser 5 is irradiated in the predetermined part by the side of principal 
plane lb of another side, and laser is moved as Arrow A shows and it scans. Consequently, a slot 7 is formed as shown 
in drawing 2 (b). Finally, as shown in drawing 3 (a), the long and slender slot 7 is formed in the principal plane lb side 
of another side of a substrate 1 in the field of electrode section 3 and 4. This slot 7 is equipped with inclined side 7b 
and inclined base 7a as shown in drawing 3 (b). And the closing-in portion 12 is formed in the field to which a slot 7 
exists. 

[0039] In drawing 2 (a) and (b), although ablation processing by the spot scanning method was illustrated, the same 
slot 7 as this can be formed with a package exposure method or a slit scan method. 

[0040] Subsequently, it invents about the embodiment which changed various exposure methods by laser, referring to 
drawing 4 (a), (b), and (c). Drawing 4 (a) shows the form of the slot at the time of adopting a focal fixed method. In 
drawing 2 (a), laser 5 A is irradiated, a slot 8 is formed by one exposure, and closing-in partial 12A is formed in the 
principal plane lb side of another side of a substrate 1 by this, since [ under the present circumstances, ] a focus suits in 
the portion near principal plane lb of another side among slots 8 — principal plane lb — receiving ~ abbreviation — a 
perpendicular field is formed However, along with approaching the base of a slot 8, gap of a focus becomes large and 
side 8a of a slot 8 inclines to a field perpendicular to principal plane lb. Only when a lens with a long focal distance is 
used, this method can be enforced and the laser of high power is required for it. 

[0041] Drawing 4 (b) readjusts a focus gradually, and shows the gestalt of the slot 9 at the time of adopting the method 
which exposes multiple times. For example, as 5B, 5C, and 5D showed, it should expose by readjusting a focus 3 
times, according to this method - principal plane lb — receiving - abbreviation - the depth of perpendicular side 9a 
can be enlarged Closing-in partial 12B is formed of a slot 9. however ~ too - side 9b near the base 9c ~ principal 
plane lb ~ receiving - abbreviation - since it inclines to a perpendicular field, the thickness of closing-in partial 12B 
tends to become uneven 

[0042] Drawing 4 (c) shows the gestalt of the slot 10 at the time of adopting the method which changes a focal 
superficial position and performs multiple-times exposure. It exposes over the latus range at first like 5E, and center- 
section part 10c of a slot 10 and periphery partial 10a are formed. Here, since the depth of 10a and 10c is almost the 
same and the depth of 10a and 10c is smaller than the slot 8 shown in drawing 4 (a), the side of 10a becomes a 
perpendicular mostly to principal plane lb. Subsequently, to center-section part 10c, exposure 5E is performed again 
and lOd of central portions is formed. Closing-in partial 12C is formed of lOd of central portions. According to this 
method, since the base of lOd of central portions of a slot 10 can be made flat, it is easy to control the thickness of 12C 
uniformly. However, since the number of exposure processes increases and the portion of 10a of a substrate is also 
pressing hard, it becomes easy for the intensity of a substrate to fall. 

[0043] Drawing 5 is an optical microscope photograph in which the gestalt of the cross section of the slot 8 formed 
with the method of _dbrawing^4 (a) is shown. Drawing 6 is an optical microscope photograph in which the gestalt which 
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looked at the slot 9 formed with the method of drawing 4 (b) from across is shown. D rawi ng 7 is an optical microscope 
photograph in which the gestalt which looked at the slot 10 formed with the method of drawi ng 4 (c) from across is 
shown. 
[0044] 

[Example] Hereafter, a still more concrete experimental result is explained. 

(Example 1) The principal plane (rear face) side of another side of the substrate which consists of a 3 inch wafer 
(LiNb03 single crystal) which carried out X cut was deleted, and thickness of a wafer was set to 300 micrometers. 
Subsequently, by the titanium diffusion process and the photo lithography method, the optical waveguide 2 and 
electrode section 3 and 4 of a gestalt as shown in drawing 1 were formed in one principal plane of a wafer, and the 
Mach TSUENDA type progressive wave form optical modulator was produced. However, it is processed into the 
wafer-like substrate in this example 1 . 

[0045] This principal plane was coated with the resist film, it set to the excimer laser finishing machine, and alignment 
of a processing position was performed on the basis of the cage hula side of a substrate. The KrF excimer laser was 
used as the light source, it exposed according to the spot scanning method, and the principal plane side of another side 
was processed. The size of the irradiated spot serves as a scanning direction of 1.0mm, and width of face of 0.2mm, 
and irradiation energy densities are 6 J/cm2. Optical system was adjusted so that it might become. By 15ns of pulse 
width, 600Hz of pulse frequencies, and scan speed 0.1 mm/sec, the rear-face side of a voltage impression portion was 
processed, and the slot 7 was formed. 

[0046] The time taken to form a slot with a length of 20mm was 200 seconds. In drawing 3 (b), the configuration of the 
cross section of the produced slot 7 was a trapezoid, the width of face b of the entrance of a slot 7 was 100 
micrometers, depth c was 290 micrometers, distance-across-vee a was 50-60 micrometers, and thickness d of the 
closing-in portion 12 was 10 micrometers. In this way, the produced wafer was cut by the dicing saw finishing 
machine, it divided into each progressive wave form optical modulator, and optical polish of the end face of an optical 
waveguide was carried out. 

[0047] The optical insertion loss of the optical modulator which did not form a slot 7 was about 6dB on the wavelength 
of 1.55 micrometers, and the optical insertion loss of the optical modulator in which the slot 7 was formed was about 
6dB. Moreover, as a result of measuring 3dB bandwidth about the optical modulator which did not form a slot 7, it was 
5GHz and 3dB bandwidth of the optical modulator in which the slot 7 was formed was 15GHz. Furthermore, when 
half-wave length voltage was measured about the optical modulator which did not form a slot 7, it was 3.5V, and the 
half- wave length voltage of the optical modulator in which the slot 7 was formed was 3.0 V. 
[0048] (Example 2) The Mach TSUENDA type progressive wave form optical modulator was produced like the 
example 1 . The principal plane of the substrate of this wafer configuration was coated with the resist film, and it set to 
it at the micro grinder finishing machine. Alignment of a processing position was performed on the basis of the cage 
hula side of a substrate. As a grinding stone, it is the diamond wheel of resin system bond, and granularity used the 
**5000 No. grinding stone. The rotational frequency was set to 30000rpm, the feed rate of a grinding stone was carried 
out in 0.1 mm/second, the rear-face side of a voltage impression portion was processed, and the slot 7 was formed. 
[0049] The time taken to form a slot with a length of 20mm was about 5 minutes. In drawing 3 (b), the configuration of 
the cross section of the produced slot 7 was a rectangle. The width of face b of the entrance of a slot 7 was 80-100 
micrometers, depth c was 295 micrometers, distance-across-vee a was 80-100 micrometers, and the thickness of a 
closing-in portion was 5 micrometers. In this way, the produced wafer was cut by the dicing saw finishing machine, it 
divided into each progressive wave form optical modulator, and optical polish of the end face of an optical waveguide 
was carried out. 

[0050] The optical insertion loss of the optical modulator which did not form a slot 7 was about 6dB on the wavelength 
of 1.55 micrometers, and the optical insertion loss of the optical modulator in which the slot 7 was formed was about 
6dB. Moreover, as a result of measuring 3dB bandwidth about the optical modulator which did not form a slot 7, it was 
5GHz and 3dB bandwidth of the optical modulator in which the slot 7 was formed was 50GHz. Furthermore, when 
half-wave length voltage was measured about the optical modulator which did not form a slot 7, it was 3.5V, and the 
half-wave length voltage of the optical modulator in which the slot 7 was formed was 2.6V. 
[0051] 

[Effect of the Invention] The working speed can be raised in an optical-waveguide device equipped with a substrate 
equipped with the principal plane of the couple which carries out phase opposite like according to this invention 
described above, the optical waveguide currently formed in one principal plane side of this substrate, and electrode 
section. Moreover, in a progressive wave form optical modulator, it enables it to manufacture such a progressive wave 
form optical modulator with the few number of processes with enabling a high-speed modulation, highly precise 
alignment can be made unnecessary, and generation of the damaged layer by the processing damage can also be 
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